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(54) Portable electronic device with contacting and noncontacting interfaces 



(57) A portable electronic device (310) has contact- 
ing and noncontacting interfaces (401, 400) and an 
inhibiting section (405). The contacting interface (401) 
including a plurality of contact terminals (CI to C8) for 
exchanging driving power and data. The noncontacting 
interface (400) for generating driving power and demod- 
ulating received data from a signal received via an 
antenna (301 a). The inhibiting section (405) for inhibit- 
ing an operation of the other one of the contacting and 
noncontacting interfaces (401, 400) while the portable 
electronic device (310) is driven via one of the contact- 
ing and noncontacting interfaces (401, 400). 
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Description 

[0001] The present invention relates to a portabi 
electronic device such as a composite IC card having 
contacting and noncontacting interfaces and, more par- s 
ticularly, to a portable electronic device including a com- 
posite IC card having contacting and noncontacting 
interfaces and capable of well maintaining the reliattlity 
as a composite IC card by preventing operation errors 
wh n driven from either Interface, and an IC module for io 
the composite IC card. 

[0002] One conventional composite IC card having 
contacting and noncontacting Interfaces as a kind of 
portable electronic device is disclosed in Jpn. Pat. 
Appln. KOKOKU Publication No. 4-1 6831 . is 
[0003] This composite IC card disclosed in Jpn. Pat. 
Appln. KOKOKU Publication No. 4-16831 includes a 
memory, a CPU, and an IC for generating a signal in 
response to an external input. The card also includes an 
electrical contact mechanism for responding to an exter- 20 
nal apparatus by contacting the appsiratus and an 
ant nna mechanism for responding to an external 
apparatus by noncontacting connmunication. 
[0004] Data can be written in the memory of this conv 
p site IC card and the contents of the memory can be 2S 
Chang d from an external apparatus connected to the 
electrical contact mechanism. To respond to an external 
apparatus by noncontacting communication, specific 
information in the memory is modulated and output from 
the antenna mechanism. 30 
[0005] Jpn. Pat. Appln. KOKAI Publication No. 9- 
326021 has disclosed a composite IC card incorporat- 
ing a battery which is charged by a voltage supplied 
from a terminal apparatus. 

[0006] Unfortunately, the composite IC cards as 35 
described above have the following problems. 
[0007] That is. either of the above composite IC cards 
has no countermeasure against operation errors occur- 
ring when the card is driven via the noncontacting 
antenna while the card is connected to and driven by an 40 
external apparatus via the electrical contact mecha- 
nism, or when the card is driven by an external appara- 
tus via the electrical contact mechanism while the card 
is driven by an external apparatus via the noncontacting 
antenna. Consequently, the reliability as a composite IC 45 
card is unsatisfactory. 

[0008] Additionally, either composite IC card uses a 
common IC such as a memory to respond to an external 
apparatus by contacting the apparatus and respond to 
an external apparatus by noncontacting communica- so 
tion. However, when the card responds to an external 
apparatus by noncontacting communication, only data 
is simply output to the apparatus, so the card is used 
only as a collating medium in this case. This limits the 
applications of the card. 55 
[0009] Furthermore, when this composite IC card 
responds to an external apparatus by noncontacting 
communication, the internal CPU does not operate. 



Accordingly, no satrsfactory security function can be 
achieved in this noncontacting response. 
[0010] The present invention has been made in con- 
sideration of the above situation, and has as its object to 
provid a portable electronic device including a com- 
posite IC card having contacting and noncontacting 
interfaces and capabi of well maintaining the reliability 
as a composite IC card by preventing operation errors 
when driven from either interface, and an IC module for 
the composite IC card. 

[001 1 ] It is another object of the present invention to 
provide a portable electronic device including a com- 
posite IC card having contacting and noncontacting 
interfaces, capable of being used for various purposes 
by executing equivalent functions when driven in both 
contacting and noncontacting manners and achieving a 
satisfactory security function, and also capable of well 
maintaining the reliability as a composite IC card by pre- 
venting operation en-ors when driven from either inter- 
face. 

[0012] To achieve the above objects, according to an 
aspect of the present invention, there is provided a port- 
able electronic device comprising: 

a contacting interface including a plurality of contact 
terminals for exchanging driving power and data; 
a noncontacting interface for generating driving 
power and demodulating received data from a sig- 
nal received via an antenna; and 
inhibiting means for inhibiting an operation of the 
other one of the contacting and noncontacting inter- 
faces while the portable electronic device is driven 
via one of the contacting and noncontacting irrter- 
faces. 

[0013] To achieve the above objects, according to 
another aspect of the present invention, there is pro- 
vided a portable electronic device which has contacting 
and noncontacting interfaces and a control circuit con- 
nected to the contacting and noncontacting interfaces, 
and is driven by the contacting or noncontacting inter- 
face, comprising: 

detecting means for detecting whether the portable 
electronic device is driven via the contacting or non- 
contacting interface; and 

connecting means for selectively connecting one of 
the contacting and noncontacting interfaces to the 
control circuit and inhibiting a signal input and out- 
put via the other one of the contacting or noncon- 
tacting interface on the basis of the detection result 
from the detecting means. 

[0014] To achieve the above objects, according to still 
another aspect of the present invention, there is pro- 
vided a portable electronic device which has contacting 
and noncontacting interfaces and a control circuit con- 
nected to the contacting and noncontacting interfaces. 
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and is driven by the contacting or noncontacting inter- 
face, connprising: 

detecting means for detecting wh ther the portable 
electronic device Is driven via the contacting or non- 
contacting interface: and 

switching means for switching commands executa- 
ble by the portable electronic device on the basis of 
the detection result from the detecting means. 

[001 5] This summary of the Invention does not neces- 
sarily describe all necessary features so that the inven- 
tion may also be a sub-combination of these descried 
features. 

[0016] The invention can be more fully understood 
from the following detailed description when taken in 
conjunction with the accompanying drawings, in which: 

FIG. 1 is a Nock diagram showing the arrangement 
of a radio card system using a radio combination 
card as a data storage medium applied as a com- 
posite iC card as a kind of portable electronic 
device according to the present invention; 
FIG. 2 is a view showing a composite iC card IC 
module including eight electrical contacts CI to C8 
exposed to the outer surface as an electrical con- 
tact mechanism t>y which the radio combination 
card responds to an external apparatus t>y contact- 
ing the apparatus, and a one-chip microprocessor 
310 embedded in the card; 

FIG. 3 is a block diagram showing the arrangement 
of a one-chip microprocessor 310 embedded in a 
radio combination card 300 according to the first 
embodiment of the present invention; 
FIG. 4 is a block diagram showing the arrangement 
of a one-chip microprocessor 310 embedded in a 
radio combination card 300 according to the sec- 
ond embodiment of the present invention; 
FIG. 5 is a block diagram showing the arrangement 
of a one-chip microprocessor 310 embedded in a 
radio combination card 300 according to the third 
embodiment of the present invention; 
FIGS. 6A and 6B are flow charts for explaining the 
operation of a radio card system using a radio com- 
bination card as a data storage medium applied as 
a composite IC card as a kind of portable electronic 
device according to the present invention; 
FIG. 7 is a block diagram showing the arrangement 
of a one-chip microprocessor 310 embedded in a 
radio combination card 300 according to a modifi- 
cation of the third embodiment of the present inven- 
tion; 

FIG. 8 is a block diagram showing the arrangement 
of a cMie-chip microprocessor 310 embedded in a 
radio combination card 300 according to the fourth 
enrtsodiment of the present invention; 
FIG. 9 is a view showing a command list set for a 
contacting response in a radio combination card 



' 300 according to the fifth embodiment of the 
present invention; 

FIG. 10 is a view showing a command list set for a 
noncorttacting response in the radio connbination 
5 card 300 according to 1h fifth embodiment of the 

present invention; 

FIG. 1 1 is a view showing a command list set for 
both contacting and noncontacting responses in the 
radio communication card 300 according to the fifth 
10 embodiment of tiie present invention; and 

FIG. 1 2 is a flow chart for explaining the operation 
of a CPU. 

[0017] RefererK:e will now be made in detail to the 
15 presently prefen-ed emt>odiments of the invention as 
illustrated in the accompanying drawings, in which like 
reference characters designate like or corresponding 
parts throughout the several drawings. 
[0018] Embodiments of the present invention will be 
20 described in detail below with refererrce to the accom- 
panying drawing. 

(f^rst Embodiment) 

25 [0019] The first embodiment of tiie present invention 
will be described below with reference to FIGS. 1 to 3. 
[0020] FIG. 1 shows the arrangement of a radio card 
system using a radio combination card as a data stor- 
age medium applied as a composite tC card as a kind of 

30 portable electronic device according to the present 
invention. 

[0021] As shown in FIG. 1 , this radio card system is 
roughly divided into a radio card reader • writer 200 as 
a data processor and a radio combination card 300 as a 
35 portable data storage medium having both a contacting 
communication function and a radio communication 
function. 

[0022] The radio card reader • writer 200 transmits 
read and write (store) commands to the radio combina- 

40 tion card 300, processes readout data from the card 
300, and transmits write data to the card 300. As shown 
in FIG. 1, the radio card reader* writer 200 includes a 
controller 207, a nrodulation drcurt 204, a driver 203 for 
transmission, a transmitting antenna 201 . a receiving 

45 antenna 202, an amplifier 205 for reception, a denrrodu- 
lation circuit 206. an operation unit 209 such as a key- 
board, a display unit 208, a power supply 210 mainly 
composed of a battery for supplying an operating volt- 
age to each unit and an interface 211 connected to an 

so external apparatus (not shown). 

[0023] The radio combination card 300 decodes com- 
mands and writes (stores) data from and transmits data 
to the radio card reader • writer 200. As shown in FIG. 
1 , a parallel tuning circuit (receiving means) 301 includ- 

55 ing a loop antenna coil (not shown) as a transmit- 
ting/receiving antenna and a tuning capacitor (not 
shown), a power generator (power generating means) 
302, a demodulation circuit (demodulating means) 303, 
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a control logic circuit (CPU) 305, a modulation drcutt 
(modulating means) 304, a nonvolatile memory 306 as 
a storage means such as an EEPROM. and a clock 
generating circuit (clock generating means) 307. 
[0024] Assam ttiat this radio combination card 300 is 
used to execute a contacting communication function 
(to be described later) and, as shown in FIG. 2. includes 
eight electrical contacts Cl to C8 exposed to the outer 
surface as an electrical contact mechanism for respond- 
ing to an external apparatus by contacting the appara- 
tus. 

[0025] The radio card reader- writer 200 and the 
radi combination card 300 will be described in more 
d tail below. 

[0026] Rrst, a data read performed for the radio com- 
bination card 300 by the radio card reader • writer 200 
will be described. 

[0027] The controller 207 of the radio card reader • 
writer 200 generates and supplies a read command to 
the modulation circuit 204. 

[0028] The modulation circuit 204 modulates the com- 
marxi by an arbitrary modulation scheme and inputs the 
modulated command to the driver 203 for transmission. 
[0029] The driver 203 amplifies the modulated signal 
to an intensity enough to radiate the modulated signal 
and supplies the amplified signal to the transmitting 
ant nna201. 

[0030] The signal supplied to the transmitting antenna 
201 is radiated into air and received by the parallel tun- 
ing circuit 301 of the radio combination card 300. 
[0031 ] The demodulation circuit 303 demodulates the 
received signal and supplies the demodulated signal to 
the control logic circuit 305 where command analysis is 
p rformed. 

[0032] The control logic circuit 305 determines that 
the command indicates a data read, reads out predeter- 
mined data from the nonvolatile memory 306 storing 
card data, and inputs the readout data to the modulation 
circuit 304. 

[0033] The modulation circuit 304 modulates the card 
data and supplies the modulated data to the parallel 
tuning circuit 301 . 

[0034] The signal supplied to the parallel tuning circuit 
301 is radiated into air and received by the receiving 
antenna 202 of the radio card reader • writer 200. 
[0035] The received signal is.applied to the amplifier 
205 for reception. 

[0036] The amplifier 205 amplifies the received signal 
and inputs the amplified signal to the demodulation cir- 
cuit 206 where the signal is demodulated. 
[0037] The demodulated signal is supplied to the con- 
troller 207 where predetermined data processing is per- 
formed. 

[0038] Note that the display unit 208 can display data 
and the operation unit 209 can input data where neces- 
sary. 

[0039] Next, a data write performed for the radio com- 
bination card 300 by the radio card reader- writer 200 



6 

will be described. 

[0040] Th controller 207 of th radio card reader • 
writer 200 generates and supplies a write command 
and write data to the modulati n circuit 204. 
5 [0041] Th modulation circuit 204 modulates the com- 
mand and data by an arbitrary modulation scheme and 
inputs th modulated command arxJ data to the driv r 
203 for transmission. 

[0042] The driver 203 amplifies the modulated signal 
'0 to an intensity enough to radiate the modulated signal 
and supplies the amplified signal to the transmitting 
antenna 201. 

[0043] The signal supplied to the transmitting antenna 
201 is radiated into air and received by the parallel tun- 
15 ing circuit 301 of the radio combination card 300. 

[0044] The demodulation circuit 303 demodulates the 
received signal and supplies the demodulated signal to 
the control logic circuit 305 where command analysis is 
performed. 

20 [0045] The control logic circuit 305 determines that 
the command indicates a data write, and writes the 
write data transmitted after the write command at a pre- 
determined address of the nonvolatile memory 306. 
[0046] The power generator 302 of the radio combina- 

25 tion card 300 branches and rectifies a signal received by 
the parallel tuning circuit 301 to generate power to be 
consumed in the radio combination card 300. 
[0047] Also, on the basis of a signal received by the 
parallel tuning circuit 301. the clock generating circuit 

30 307 of the radio combination card 300 generates clocks 
necessary to operate each circuit. 
[0048] The clock generating circuit 307 outputs the 
generated clocks to the demodulation circuit 303, the 
modulation circuit 304, and the control logic circuit 305. 

35 [0049] As described above, the transmitting antenna 
201 and the receiving antenna 202 of the radio cairl rea- 
der • writer 200 must be arranged close and opposite to 
the parallel tuning circuit 301 of the radio combination 
card 300. 

40 [0050] The transmitting antenna 201 radiates a high- 
intensity signal to the radio combination card 300. 
[0051] The receiving system has a high sensitivity to 
receive weak signals from the radio combination card 
300. 

45 [0052] The intemal arrangemerrt of the radio combina- 
tion card 300 will be described in detail below with refer- 
ence to FIGS. 2 and 3. 

[0053] As shown in FIGS. 2 and 3, a contacting inter- 
face 401 for contacting a terminal apparatus is formed 

50 on tile card surface of the radio combination caixl 300. 
This contacting interface 401 includes contact terminals 
CI (VCC), C2 (RST), C3 (CLK). C4 (a space terminal 
for the future: RFU), C5 (GND), C6 (VPP: unused), C7 
(I/O), and C8 (a space terminal for the future: RFU). 

55 [0054] A one-chip microprocessor 310 as shown in 
FIGS. 2 and 3 is embedded in the radio combination 
card 300. 

[0055] As shown in FIG. 3, this one-chip microproces- 
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scK 310 includes a sen s of data processors such as a 
c ntrol GPU (Central Processing Unit) 405 correspond- 
ing to the control logic circuit 305, a ROM 406 storing 
control pr grams, a data memory 407 which is an EEP- 
ROM for recording a password (e.g.. four digits) and 
data, an interface circuit 408 such as a UAFtX a RAM 
409 for temporary storage, an encrypting circuit 402, 
and an I/O switching circuit 403, 
[0056] When contacting data exchange is perfornned 
by using this radio combination card 300. a terminal 
apparatus into which the card 300 is inserted supplies a 
voltage from the contact terminal CI to the VCC (nor- 
mally 5V) terminal and applies a signal from the contact 
terminals C3, C2, and 05 to the CLK (dock). RST 
(reset), and GND (ground potential) terminals, respec- 
tively. Simultaneously, the contact terminal 07 is con- 
nected to the I/O port to exchange data. 
[0057] The individual units are formed as an 10 chip 
on a single board. 

[0058] Also, these units are connected to the termi- 
nals through wires, and the terminals and the board 
mounting the IC chip are integrated and handled as an 
IC module. Accordingly, as shown in FIG. 2, these termi- 
nals are so embedded in the card as to be exposed to 
the card surface. 

[0059] The card 300 also includes the parallel tuning 
circuit 301 for noncontacting data exchange. 
[0060] That is. the parallel tuning circuit 301 receives 
a two-phase phase-modulated wave signal (first two- 
phase phase-modulated wave signal) from the transmit- 
ting antenna 201 of the radio card reader • writer 200 
and transmits a two-phase phase-modulated wave sig- 
nal (second two-phase phase-modulated wave signal) 
with a carrier frequency f0y2. This parallel tuning circuit 
301 is composed of a loop antenna coil 301a and a tun- 
ing capacitor 301b. 

[0061] The loop antenna coil 301a of this parallel tun- 
ing circuit 301 receives signals and at the same time 
transmits the can-ier frequency fO/2. Since power for 
g nerating a power supply voltage must be efficiently 
extracted from a received radio wave, the loop antenna 
coil 301a is tuned to a carrier frequency fO of the 
received two-phase phase-modulated wave signal. 
[0062] This carrier frequency for transmission can 
also be a fraction of an integer multiple, instead of 1/2. 
of the carrier frequency of the received two-phase 
phase-modulated wave signal. 

[0063] The loop antenna coil 301a simply transmits 
and receives signals, so a single coil can be used for 
both transmission and reception. However, separate 
coils can also be used for transmission and reception. 
[0064] To perform noncontacting data exchange, the 
one-chip microprocessor 310 incorporates a noncon- 
tacting interface circuit 400 for exchanging data via the 
parallel tuning circuit 301. 

[0065] This noncontacting interface circuit 400 
includes the power generator 302. the dock generating 
circuit (clock generating means) 307, the demodulation 



circuit (demodulating means) 303. th modulati n cir- 
cuit (modulating means) 304. and a reset signal gener- 
ating circuit 308. The power generator 302 generates 
power t be supplied to th whol interr^l circuit of the 

5 radio combinati n card 300 by using the two-phase 
phase-modulated wave signal from th parallel tuning 
circuit 301. The clock generating circuit 307 generates 
operating docte from an analog signal received via the 
parallel tuning circuit 301. The demodulation circuit 303 

w converts the analog signal received via the parallel tun- 
ing drcuitSOl Into a digital signal to be read out by the 
CPU 405 of the one-chip microprocessor 310. The mod- 
ulation drcuit 304 modulates an osdilation circuit output 
by using a signal from the CPU 405 and transmits the 

IS modulated output from the loop antenna (transmitting) 
coil 301 a of the parallel tuning drcuit 301 . The reset sig- 
nal generating circuit 308 generates a reset signal on 
the basis of the docks generated by the dock generat- 
ing drcuit 307. 

20 [0066] The radio combination card 300 incorporates a 
switch (SW) 309 for switching on and off the conduction 
between the noncontacting interface 400 and the 
antenna coil 301a (the parallel tuning drcuit 301). 
[0067] This switch (SW) 309 is normally ON (con- 

25 nected) and turned off when a Vcc voltage is applied 
from the contact terminal 01 of the contacting interface 
401 to the VCC (normally 5V) terminal, 
[0068] The operation of the radio combination card 
according to the first embodiment of the present inven- 

30 tion will be described below. 

[0069] For example, the card 300 is inserted into a ter- 
minal apparatus, and the Vcc voltage is applied from the 
contact terminal 01 of the contacting interface 401 of 
the card 300 to the VCC (normally 5V) terminal. Conse- 

35 quently, the switch (SW) 309 is turned off. 

[0070] Subsequently, contading data exchange is 
performed via the CLK terminal, RST terminal, and I/O 
port. 

[0071] That is. while contacting data exchange is per- 
40 formed, the switch (SW) 309 is kept OFF, so the non- 
contacting interface 400 is held inoperative. 
[0072] Accordingly, even if the receiving antenna (par- 
allel tuning circuit 301) receives a certain radio wave 
while contacting data exchange or contacting driving is 
45 performed, none of the power generator 302, the clock 
generating circuit (clock generating means) 307, the 
demodulation circuit (demodulating means) 303, the 
modulation circuit (modulating means) 304. and tiie 
reset signal generating drcuit 308 operates. This allows 
50 the contacting driving or contacting data exchange to be 
kept performed. 

(Second Embodiment) 

55' [0073] The second embodiment of the present inven- 
tion will be described below with reference to FIG. 4. 
[0074] In this second embocfiment, the arrangements 
shown in FIGS. 1 and 2 are similarly applied, and the 



5 



Page: 5 



9 



EP0 945 a28 A2' 



10 



internal arlrang m nt of a radio combination card 300 
partially differs from that shown in FIG. 3. So, a descrip- 
tion of Identical portions will be mitted. 
[0075] Th radio combination card 300 incorporates a 
switch (SW1) 3098 for switching on and off th conduc- 
tion between a noncontacting interface 400 and an 
antenna coil (parallel tuning circuit 301). 
[0076] This switch (SWI) 309a is nomially ON (con- 
nected) and turned off when a Vcc voltage is applied 
from a contact terminal CI of a contacting interface 401 
to a VCC (normally 5V) terminal. 
[0077] In the second embodiment, in addition to this 
switch (SWI) 309a, switches (SW2, SW3. SW4. SW5, 
and SW6) 312, 313, 314. 315, and 316 are connected to 
a power generator 302, a clock generating circuit (clock 
generating means) 307, a demodulation circuit (demod- 
ulating means) 303, a modulation circuit (nrwdulating 
means) 304, and a reset signal generating circuit 308, 
respectively, of the noncontacting interface 400. 
[0078] These switches (SW2 to SW6) 31 2 to 31 6 are 
normally ON (connected) and turned off when the Vcc 
voltage is applied from the contact terminal CI of the 
contacting interface 401 to the VCC (normally 5V) ter- 
minal. 

[0079] The switches {SW2 to SW6) 312 to 316 inhibit 
signal inputs and outputs via the noncontacting inter- 
face 400. 

[0080] That is. while contacting data exchange or con- 
tacting driving is performed, the switches {SW2 to SW6) 
312 to 316 completely inhibit signal inputs and outputs 
via the noncontacting interface 400 and prevent opera- 
tion errors. 

[0081] Additionally, in this second embodiment, 
switches (SW7. SW8, SW9. and SW10) 317, 318, 319, 
and 320 are connected to Ihe contact terminal CI 
(VCC) and other contact terminals C2 (RST), C3 (CLK). 
and C7 (I/O), respectively, of the contacting interface 
401. 

[0082] These switches (SW7 to SWI 0) 31 7 to 320 are 
normally ON (connected) and turned off when the Vcc 
voltage is applied from the power generator 302 of the 
noncontacting interface 400. 

[0083] Theswitches (SW7toSW10) 317to320 inhibit 
signal inputs and outputs via the contacting interface 
401. 

[0084] That is, while noncontacting data exchange or 
noncontacting driving is performed, the switches (SW7 
to SW1 0) 31 7 to 320 completely inhibit signal inputs and 
outputs via the contacting interface 401 and prevent 
op ration errors. 

[0085] As described above, each of tiie first and sec- 
ond embodiments of the present invention includes an 
operation inhibiting means for inhibiting the operation of 
the noncontacting interface 400 while the card is driven 
via the contacting interface 401 . Therefore, no operation 
error occurs wen if electric waves are radiated in the 
environment while information is exchanged via the 
contacting interface 401 . 



[0086] Also, each of the first and second embodi- 
ments of th present invention includes a means tor cut- 
ting off the conduction between the n ncontacting 
interface 400 and the ant nna coil 301a (parallel tuning 
5 Circuit 301) whil tiie card is driven via the contacting 
interface 401. Accordingly, no operation error occurs 
even if el ctric waves are radiated in the environment 
while information is exchanged via the contacting inter- 
face 401. 

10 [0087] In the first and second embodiments of tiie 
present invention as described above, the noncontact- 
ing interface 400 of the microprocessor includes the 
power generator 302 which operates in accordance with 
an output from the parallel tuning circuit 301 , the clock 

IS generating circuit (clock generating means) 307, tiie 
demodulation circuit (demodulating means) 303. the 
modulation circuit (modulating means) 304, and tiie 
reset signal generating circuit 308. A switch for switch- 
ing on and off the corvjuction between the noncontact- 

20 ing interface 400 and the parallel tuning circuit 301 is 
also included. This switch is turned off when the Vcc 
voltage is applied via the contacting interface 401. 
Therefore, even if electric waves are radiated in the 
environment while information is exchanged via the 

25 contacting interface 401, ttie noncontacting interface 
400 does not operate at all, so no operation error takes 
place. 

[0088] The above first and second embodiments of 
the present invention can be summarized as follows. 

30 

1 . A radio combination card having contacting and 
noncontacting interfaces and driven via the contact- 
ing or noncontacting interface is characterized by 
comprising an operation inhibiting means for inhib- 

35 iting the operation of the noncontacting^ interface 
while the card is driven via the contacting interface. 

2. A radio combination card described in item 1 
above is characterized in tiiat the operation inhibit- 
ing means for inhibiting the operation of the non- 
40 contacting interface while tiie card is driven via the 

contacting interface is a means for cutting off the 
conduction between the noncontacting interface 
and an antenna coil. 

3. A radio combination card having contacting and 
46 noncontacting interfaces and driven via the contact- 
ing or noncontacting interface is characterized by 
comprising a switch for switching on and off tiie 
conduction between the noncontacting interface 
and an antenna coil, wherein the switch is turned off 

so when the Vcc voltage is applied via the contacting 
interface. 

4. A radio combination card having contacting and 
noncontacting interfaces and driven via the contact- 
ing or noncontacting interface is characterized by 

55 comprising an inhibiting means for inhibiting signal 
inputs and outputs via the contacting interface while 
the card is driven via the noncontacting interface. 
. 5. A radio combination card described in item 4 
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^ above is characterized in that the inhibiting means 
comprises a means for inhibiting signal inputs and 
outputs between the contacting interfac and a 
control circuit 

6. A radio combination card described in item 4 
above is characterized in that the inhibiting means 
comprises a means for turning off the switches 
SWT. SW8. SW9. and SW10 connected between 
the contacting terminals CI (VCC), C2 (RST), C3 
(CLK). and C7 (I/O), respectively, of the contacting 
interiace and the control circuit. 

7. A radio combination card having contacting and 
noncontacting interfaces and driven via the contact- 
ing or noncontacting interface is characterized by 
comprising an inhibiting means for inhibiting signal 
inputs and outputs via the noncontacting interface 
while the card is driven via the contacting interface. 

8. A radio combination card described in item 7 
above is characterized in that the inhibiting means 
comprises a means for inhibiting signal inputs arKi 
outputs between the noncontacting interface and a 
control circuit 

9. A radio combination card described in item 7 
above is characterized in that the inhibiting means 
comprises the switches SW2. SW3. SW4. SW5. 
and SW6 between the power generator 302. the 
clock generating circuit (dock generating means) 

307, the demodulation circuit (demodulating 
means) 303. the modulation circuit (modulating 
means) 304, and the reset signal generating circuit 

308. respectively, of the noncontacting interface 
and the control circuit and turns off the switches 
SW2 to SW6 when the Vcc voltage is applied from 
the contact terminal CI of the contacting interface 
to ttie VCC (normally 5V) terminal. 

1 0. A radio combination card having contacting and 
noncontacting interfaces and driven via the contact- 
ing or noncontacting interface is characterized by 
comprising a first inhibiting means for inhibiting sig- 
nal inputs and outputs via. the noncontacting inter- 
face while the card is driven via tiie contacting 
interface, and a second inhibiting means for inhibit- 
ing signal inputs and outputs via the contacting 
interface while the card is driven via the noncon- 
tacting interface. 

[0089] The first and second embodiments of the 
present invention as described in detail above can pro- 
vide a portable electronic device including a composite 
IC card having contacting and noncontacting interfaces 
and capable of well maintaining the reliability as a com- 
posite IC card by preventing operation errors when 
driven from either interface, and an IC module for the 
composite IC card. 

(Third Embodiment) - . , . 

[0090] The third emlaodiment of the present invention 



will be described below with refererx^e to FIG. 5. 
[0091 J Th e configuration of a radio card system shown 
in FIG. 1 and the arrangement of a racfio combination 
card shown in FIG. 2 ar similariy applied to this third 
5 embodiment. 

[0092] The arrangement of a radio combination card 
300 will be described in detail below with ref r nee to 
FIGS. 2 and 5. 

[0093] As shown in FIGS. 2 and 5. a contacting inter- 
10 face 401 for contacting a terminal apparatus is formed 
on til e card suriace of the radio combination card 300. 
This contacting interface 401 includes contact terminals 
CI (VCC). C2 (RST), C3 (CLK). C4 (a space terminal 
for the future: RFU), C5 (GND). C6 (VPP: unused). C7 
15 (I/O), and C8 (a space terminal for the future: RFU). 
[0094] A one-chip microprocessor 310 as shown in 
FIGS. 2 arKi 5 is embedded in the radio combination 
card 300. 

[0095] As shown in FIG. 5. this one-chip microproces- 

20 SOT 310 includes a series of data processors such as a 
control CPU (Centi-al Processing Unit) 405 correspond- 
ing to a control logic circuit 305. a ROM 406 storing con- 
trol programs, a data memory 407 which is an EEPROM 
for recording a password (e.g.. four digits)' and data, an 

25 interface circuit 408 such as a UART, a RAM 409 for 
temporary storage, and an encrypting circuit 402. 
[0096] When contacting data exchiange is performed 
by using this radio combination card 300, a terminal 
apparatus into which the card 300 is inserted supplies a 

30 voltage from the contact terminal C 1 to a VCC (normally 
5V) terminal and applies a signal from the contact termi- 
nals C3, C2. and C5 to CLK (dock), RST (reset), and 
GND (ground potential) terminals, respectively. Simulta- 
neously, the contact terminal C7 is connected to an I/O 

35 port to exchange data. 

[0097] The individual units are formed as an IC chip 
on a single board. 

[0098] Also, tiiese units are connected to the termi- 
nals through wires, and the terminals and the board 
40 mounting the IC chip are integrated and handled as an 
IC module. Accordingly, as shown in FIG. 2. these termi- 
nals are so embedded in the card as to be exposed to 
the card surface. 

[0099] The card 300 also includes a parallel tuning cir- 
45 cuit 301 for noncontacting data exchange. 

[0100] That is, the parallel tuning circuit 301 receives 
a two-phase phase-modulated wave signal (first two- 
phase phase-modulated wave signal) from a transmit- 
ting antenna 201 of a radio card reader • writer 200 and 
50 transmits a two-phase phase-modulated wave signal 
(second two-phase phase-modulated wave signal) with 
a carrier frequency fO/2. This parallel tuning circuit 301 
is composed of a loop antenna coil 301a and a tuning 
capacitor 301b. 
55 (01 01 ] The loop antenna coil 301 a of this parallel tun- 
ing circuit 301 receives signals and at the same time 
transmits tiie carrier frequency fO/2. Since power for 
generating a power supply voltage must be effictentiy 
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extracted from a received radio wave, the loop ant nna 
coil 301a is tuned to a carrier frequency fO of the 
rec ived twoiDhase phas -modulated wave signal. 
[0102] This carrier frequency for transmission can 
also be a fraction of an integer multiple, instead of 1/2, 
of the can-ier frequency of th received twoiJhase 
phase- modulated wave signal. 

[0103] The loop antenna coil 301a simply transmits 
and receives signals, so a single coil can be used for 
both transmission and reception. However, separate 
colls can also be used for transmission and reception. 
[0104] To perform noncontacting data exchange, the 
one-chip microprocessor 310 incorporates a noncon- 
tacting interface circuit 400 for exchanging data via the 
parallel tuning circuit 301 . 

[0105] This noncontacting interface circuit 400 
includes a power generator 302, a clock generating cir- 
cuit (clock generating means) 307, a demoduJation cir- 
cuit (demodulating means) 303, a modulation circuit 
(modulating means) 304. and a reset signal generating 
circuit 308. The power generator 302 generates power 
to be supplied to the whole internal circuit of the radio 
combination card 300 by using the two-phase phase- 
modulated wave signal from the parallel tuning circuit 
301 . The clock generating circuit 307 generates operat- 
ing clocks from an analog signal received via the paral- 
lel tuning circuit 301. The demodulation circuit 303 
converts the analog signal received via the parallel tun- 
ing circuit 301 into a digital signal to be read out by the 
CPU 405 of the one-chip microprocessor 310. The mod- 
ulation circuit 304 modulates an oscillation circuit output 
by using a signal from the CPU 405 and transmits the 
modulated output from the loop antenna (transmitting) 
coil 30 1 a of the parallel tuning circuit 301 . The reset sig- 
nal generating circuit 308 generates a reset signal on 
the basis of the clocks generated by the clock generat- 
ing circuit 307. 

[0106] The radio combination card 300 incorporates a 
switch (SW) 309 for switching on and off the conduction 
between the noncontacting interface 400 and the 
ant nna coil 301a of the parallel tuning circuit 301 . 
[0107] This switch (SW) 309 is normally ON (con- 
nected) in the initial state and turned off by the CPU 405 
when a Vcc voltage, is applied from the contact terminal 
CI of the contacting Interface 401 to the VCC (normally 
5V) terminal. 

[0108] In this third embodiment, in addition to the 
switch (SW1) 309 described above, switches (SW2. 
SW3, SW4. and SW5) 312. 313. 314, and 315 are con- 
nected to the control terminals Cl (VCC), C2 (RST), C3 
(CLK). and C7 (I/O), respectively 
[0109] One input terminal of each of these switches 
(SW2 to SW5) 31 2 to 315 is connected to a correspond- 
ing one of the contact terminals CI (VCC), C2 (RST), 
C3 (CLK). and C7 (I/O). 

[0110] The other input terminal of the switch (SW2) 
312 is connected to the power generator 302 of the non- 
contacting interface 400 so as to receive the Vcc volt- 



age generated by th pow r generator 302. 
[01 1 1 ] Not that on of the two input terminals of the 
switch (SW2) 312 is enabled by an output from a selec- 
tor circuit (sel) 320 controlled by the CPU 405. 
s [0112] Not also that th other input terminal of the 
switch (SW2) 312 is initially so selected by the CPU 405 
as to receive the Vcc voltage generated by the power 
generator 302. 

[0113] The other input terminal of the switch (SW3) 
10 313 is connected to the reset signal generating circuit 
308 of the noncontacting interface 400 so as to receive 
the reset signal generated by the reset signal generat- 
ing circuit 308. 

[0114] Note that one input terminal of the switch 
15 (SW3) 3 1 3 is enabled by an output from the selector cir- 
cuit (sel) 320 controlled by the CPU 405. 
[01 1 5] Note also that the other Input terminal of the 
switch (SW3) 313 is initially so selected by the CPU 405 
as to receive the reset signal generated by the reset sig- 
20 nai generating circuit 308. 

[0116] The other input terminal of ttie switch (SW4) 

314 is connected to the clock generating circuit 307 of 
the noncontacting interface 400 so as to receive the 
dock signal generated by the clock generating circuit 

25 307. 

[0117] Note that one input terminal of the switch 
(SW4) 31 4 is enabled by an output from the selector cir- 
cuit (sel) 320 controlled by the CPU 405. 
[0118] Note also that the other input terminal of the 
30 switch (SW4) 31 4 is initially so selected by the CPU 405 
as to receive the dock signal generated by the clock sig- 
nal generating circuit 307. 

[0119] The other input terminal of the switch (SW5) 

315 is connected to the demodulation circuit (demodu- 
35 lating means) 303 of the noncontacting interface 400. 

[0120] Also, one output terminal of this switch (SW5) 
315 is connected to the modulation circuit (modulating 
means) 304 of the noncontacting interface 400. 
[01 21 ] Note that one input or output terminal of the 

40 switch (SW5) 315 is enabled by an output from the 
selector circuit (sel) 320 controlled by the CPU 405 so 
as to be selectively connected to the output terminal of 
the demodulation circuit (demodulating means) 303. the 
input terminal of the modulation circuit (modulating 

46 means) 304. or the contact terminal C7 (I/O). 

[01 22] Note also that the switch (SW5) 31 5 is initially 
connected to the output terminal of the demodulation 
drcuit (demodulating means) 303 and the input terminal 
of the modulation circuit (modulating means) 304 by the 

50 CPU 405. 

[01 23] The contact terminal CI of the contacting inter- 
face 401 and the output terminal of the power generator 
302 are connected to terminals A and B, respectively, of 
the CPU 405. This allows the CPU 405 to check 

55 whether the radio combination card 300 is driven by the 
contacting interface 401 or the noncontacting interface 
400 when the CPU 405 performs initialization upon acti- 
vation of the radio combination card 300. 
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[0124] The CPU 405 reads out a program for perform- 
ing initialization stored in the RAM 406 and performs ini- 
tialization. 

[0125] The operati n of the racfio combination card 
with the abov arrangement will be described b low 
with reference to a flow chart shown in FIGS. 6A and 
6B. 

[01 26] For example, when the card 300 is inserted into 
a terminal apparatus, the Vcc voltage is applied from 
the contact terminal C1 of the contacting interlace 401 
of the card 300 to the VCC (normally 5V) terminal 
(ST1). Consequently, the switch (SW) 309 is turned off. 
[01 27] When the Vcc voltage is applied from the con- 
tact terminal CI to the VCC (normally SV) terminal, the 
selector circuit (sel) 320 of the card 300 outputs a selec- 
tion signal "r to the switches (SW2. SW3, SW4, and 
SW5) 312, 313. 314. and 315 SO as to selectively con- 
nect the contact terminals CI (VCC), C2 (RST), C3 
(CLK), and C7 (I/O), respectively (ST101). 
[0128] After that, the CLX terminal C3 and the RST 
terminal C2 supply the clock signal and the reset signal, 
respectively (ST2 and ST3). and the CPU 405 starts ini- 
tialization (ST102). 

[0129] In this initialization, the CPU 405 detects the 
states of the input terminals A and B and checks 
whether the radio combination card 300 is activated by 
the contacting interface 401 or the noncontacting inter- 
face 400 (ST103). 

[01 30] If the input terminal A is "1" and the input termi- 
nal B is "0", the card 300 is activated by the noncontact- 
ing interface 400. 

[01 31 ] If the input terminEil A is "0" and the input termi- 
nal B is "1 the card 300 is activated by the contacting 
interface 401. 

[0132] If both of the input terminals A and B are "0" or 

"1", an operation en-or has occurred. 

[01 33] If this error is detected, the CPU 405 stops the 

operation. 

[0134] Since the card 300 is driven by the contacting 
interlace 401, the CPU 405 holds the states of the input 
terminals A and B in a predetermined area of the RAM 
409(ST104), 

[0135] That is. the CPU 405 stores (1,0) in the prede- 
termined area of the RAM 409 if the card 300 is acti- 
vated by the noncontacting interface 400. and stores 
(0,1) In this area if the card 300 is activated by the con- 
tacting interface 400. 

[01 36] Next, on the basis of the information stored in 
the RAM 309, the CPU 405 checks whether the card 
300 is activated by the contacting interface 401, i.e., 
whether the pattern stored in the RAM 409 is (0,1) 
(ST105)- 

[0137] If the card 300 is activated by the contacting 
interface 401 and the pattern in the predetermined area 
of the RAM 409 is (0,1), the CPU 405 outputs a selec- 
tion signal for turning off the switch (SW1 ) 309 (ST1 06). 
[0138] The switch (SW1) 309 is turned off by this 
s lection signal. ' ' 



[0139] This selection signal is also sui^lied to the 
selector circuit (sel) 320 and so controls the selector cir- 
cuit (seO 320 that th switches (SW2. SW3. SW4. and 
SW5) 312, 313, 314, and 315 keep selecting the contact 
5 terminals CI (VCC). C2 (RST), C3 (CLK). and C7 (I/O), 
respectiv ly(ST106). 

[0140] In this manner, the selector circuit (sel) 320 
caus^ the switches (SW2. SW3, SW4, and SW5) 312. 
313, 314, and 315 to keep selecting the contact termi- 

10 nals CI (VCC), C2 (RST). C3 (CLX). and C7 (I/O), 
respectively. After that a command Is received from the 
terminal apparatus via the I/O port, and contacting data 
exchange is performed via the I/O port in accordance 
with the command. 

15 [0141] That is, while contacting data exchange is per- 
formed, the switch (SW1) 309 is kept OFF. and the 
switches (SW2. SW3, SW4, and SW5) 312. 313. 314. 
and 315 keep selecting the contact terminals CI (VCC). 
C2 (RST), C3 (CLK), and C7 (I/O), respectively Accord- 

20 ingly, even if the receiving antenna coil 301a of the par- 
allel tuning circuit 301 receives some radio waves while 
contacting data exchange or contacting driving is per- 
formed, the radio combination card 300 does not cause 
any operation error, so the contacting driving or contact- 

25 ing data exchange is kept performed. 

[0142] On the other hand, if the card 300 is driven by 
the noncontacting interlace 400, the switch (SW1) 309 
is normally ON (connected). Therefore, the receiving 
antenna coif 301a of the parallel tuning circuit 301 

30 receives radio waves (ST201 ). and the power generator 
302. the clock generating circuit (clock generating 
means) 307, the demodulation circuit (demodulating 
means) 303, the modulation circuit (modulating means] 
304. and the reset signal generating circuit 308 operate 

35 (ST202). 

[0143] When the power generator 302 applies a volt- 
age, the selector circuit (sel) 320 outputs a selection 
signal "0" (ST202). 

[0144] The switches (SW2. SW3, SW4. and SW5) 
40 312, 313. 314, and 315 initially connect to the power 
generator 302. the clock generating circuit (clock gener- 
ating means) 307, the demodulation circuit (demodulat- 
ing means) 303, the modulation circuit (modulating 
means) 304, and the reset signal generating circuit 308, 
45 respectively. The selection signal "0" does not change 
the states of these switches (SW2 to SW5) 312 to 315. 
[0145] After that, tiie clock generating circuit (clock 
generating means) 307 and the reset signal generating 
circuit 308 supply the dock signal and the reset signal. 
so respectively, and the CPU 405 starts initialization 
(ST102). 

[0146] In tiiis initialisation, the CPU 405 detects the 
states of tiie input terminals A and B and checks 
whether the radio combination card 300 is activated by 
55 the contacting interface 401 or the noncontacting inter- 
face 400 (ST103). 

[01 47] Since the card 300 is activated by the noncon- 
tacting interface 400. the CPU 405 stores the states of 
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th input terminals A and B as (1,0) in the predeter- 
mined area of the RAM 409 {ST103). 
[0148] Next n the basis of th information stored in 
the RAM 309. the CPU 405 checks whether the card 
300 is activated by the contacting interface 401 or the s 
noncontacting interface 400 (ST105 and ST107). 
[0149] If the card 300 is activated by the noncontact- 
ing interface 400 and the pattern in the predetermined 
area of the RAM 409 is (1 .0) (ST106), the CPU 405 out- 
puts a selection signal "0" to the selector circuit (seQ io 
320 and the switch (SW1) 309 (ST108). 
[0150] This selection signal "0" holds the initial states 
of the irxJividuat switches. 

[0151] After that the switches (SW2, SW3. SW4, and 
SW5) 312, 313, 314. and 315 selectively connect to the is 
power generator 302, the clock generating circuit (clock 
g nerating means) 307, the demodulation circuit 
(demodulating means) 303, the modulation circuit 
(modulating means) 304, and the reset signal generat- 
ing circuit 308. That Is, these switches (SW2 to SW5) 20 
312 to 315 are connected to the noncontacting interface 
400. 

[0152] The CPU 405 completes the initialization in 
steps ST102 to ST108 described above. 
[0153] In this initialization, the CPU 405 also checks 25 
th hardware such as the ROM 406, the RAM 409, and 
th EEPROM407, 

[0154] When tfie initialization is complete, the card 
300 can exchange data with an external apparatus. 
[0155] When tile card 300 is driven by the contacting 30 
interface 401, the external apparatus (reader* writer) 
cancels the reset signal applied to the contact terminal 
C2 after 40,000 clocks are supplied to the contact termi- 
nal C3. 

[0156] Analogously the reset signal generating circuit 3S 
308 cancels the reset signal after a predetermined 
number of clocks are supplied by the clock generating 
circuit 307. 

[0157] When the reset signal applied to tiie contact 
terminal C2 or the reset signal from tiie reset signal 40 
g nerating circuit 308 is canceled, the CPU 405 outputs 
an initial response signal (ATR) to the external appara- 
tus (reader - writer) via the selected one of the contact- 
ing interface 401 and the noncontacting interface 400. 
[0158] This initial response signal (ATR) from the card 4S 
300 enables tiie external apparatus (reader • writer) to 
exchange commands wttii the card 300, so the appara- 
tus ti'ansmits a command to tiie card 300. 
[0159] The card 300 receives this command via the 
cun- ntly selected one of the contacting interface 401 so 
and the noncontacting interface 400 (ST1 10). 
[0160] When the command is received, the CPU 405 
compares the states of tiie input terminals A and B with 
the pattern (initial state) stored in the RAM 409 (ST1 11). 
[0161] If the states of the input terminals A axxi B ss 
match the pattern (initial slate) stored in the RAM 409 
(ST1 12), the CPU 405 executes tiie received, command 
and outputs tiie processing result to tiie external appa- 



ratus (ST1 13). 

[0162] After that the card and the external apparatus 
similarly exchange commands and data. 
[0163] If there is neither invalid attenrpt nor operation 
error from the external apparatus, th states of the input 
terminals A and 6 and the pattern (initial state) stored in 
the RAM 409 must match. Therefore, if th states of th 
input terminals A and 8 are different from the pattern 
(initial state) stored in the RAM 409. tiie CPU 405 out- 
puts an enror signal and stops the operation (ST1 14). 
[01 64] A signal received by the receiving antenna coil 
301a of tiie parallel tuning circuit 301 is converted into a 
digital signail by the demodulation circuit (demodulating 
means) 303 and supplied to the CPU 405 via the UART 
(I/O) 408. The CPU 405 appropriately processes tiie 
signal and stores the processed signal in the RAM 409 
or the like where necessary. 

[0165] Also, a signal to be transmitted to the terminal 
is output from the UART (I/O) 408 to the modulation cir- 
cuit 304 and transmitted from the antenna coil of the 
parallel tuning circuit 301 by modulating the output from 
tiie clock generating circuit 307. 
[0166] In this way. noncontacting data exchange is 
performed. 

[01 67] In this embodiment, when perfomning initializa- 
tion, the CPU 405 detects the states of the input termi- 
nals A and B and checks whether the radio combination 
card 300 is activated by the contacting interface 401 or 
the noncontacting Interface 400. The CPU 405 holds 
the result in the RAM 409. 

[0168] While the card and a terminal apparatus are 
exchanging information, the CPU 405 compares the 
states of the input terminals A and B with the pattern 
held in tiie RAM 409 to check whether the states 
change. 

[0169] If the states of ttie input terminals A and B 
match tiie pattern held in the RAM 409, the CPU 405 
determines that the operation is normal. However. If the 
states of the Input terminals A and B are different from 
the pattern held in the RAM 409, it is expected that 
some operation error has occurred. Therefore, the CPU 
405 outputs an error response to the terminal apparatus 
and stops the operation. 

[01 70] Note that when the switches (SW2. SW3, SW4. 
and SW5) 312. 313. 314, and 315 initially select tiie 
contact terminals C1 (VCC), C2 (RST). C3 (CLK), and 
C7 (I/O), respectively, a similar operation can be per- 
formed by using an inverted signal of an output signal 
from ttie selector circuit (sel) 320 as a selection signal 
as shown in FIG. 7. 

[0171] As described above, the third embodiment 
includes an inhibiting means for inhibiting the operation 
of the noncontacting interface 400 while the card 300 is 
driven by the contacting interface 401. Hence, no oper- 
ation error occurs even if electric waves are radiated in 
the environment while information Is exchanged via the 
contacting Interface 401 . _ 

[0172] Also, the above tiilrd embodiment includes a 
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means for cutting off the conduction between the non- 
contacting interface 400 and th antenna coil 301a of 
th parallel tuning circuit 301. Accordingly, n operation 
error occurs even if electric waves are radiated in the 
environment while information is exchanged via th 
contacting interface 401 . 

[0173] Furthermore, in the above third embocfiment, 
the noncontacting interface 400 of the microprocessor 
31 0 includes the power generator 302 which operates in 
accordance with an output from the parallel tuning cir- 
cuit 301. the clock generating circuit (clock generating 
megins) 307, the demodulation circuit (denriodulating 
means) 303, the modulation circuit (modulating means) 
304, and the reset signal generating circuit 308. The 
switch 309 for swvitching on and off the conduction 
between the noncontacting interface 400 and the paral- 
lel tuning circuit 301 is also included. This switch 309 is 
turned off when the Voc voltage is applied via the con- 
tacting interface 401 . Therefore, even if electric waves 
are radiated in the environment while information is 
exchanged via the contacting interface 401 , the noncon- 
tacting interface 4O0 does not operate at all. so no oper- 
ation error takes place. 

(Fourth Embodiment) 25 

[0174] The fourth embodiment of the present inven- 
tion will be described below with reference to FIG. 8. 
[0175] In this fourth embodiment, the arrangements 
shown in FIGS. 1 and 2 are similarly applied, and the so 
internal anangement of a radio combination card 300 
partially differs from that shown in FIG. 5. So, a descrip- 
tion of identical portions will be omitted. 
[0176] That is, as shown in FIG. 8, a radio combina- 
tion card 300 incorporates a switch (SW1) 309a for as 
switching on and off the conduction between a noncon- 
tacting interface 400 and an antenna coil (parallel tuning 
circuit 301). 

[0177] This switch (SW1) 309a is nomnally ON (con- 
nected) and turned off when a Vcc voltage is applied 4o 
from a contact terminal C1 of a contacting interface 401 
to a VCC (normally 5V) terminal. 
[0178] !n the fourth embodiment, in addition to this 
switch (SW1) 309a, switches (SW2, SW3. SW4, and 
SW5) 312a. 313a, 314a and 315a are connected to a 45 
power generator 302, a dock generating circuit (clock 
generating means) 307, a demodulation circuit (demod- 
ulating means) 303. a modulation drcuit (nxxdulating 
means) 304. and a reset signal generating circuit 308, 
respectively, of the noncontacting interface 400. so 
[0179] These switches (SW2 to SW5) 312a to 315a 
are normally ON (connected) and turned off when the 
Vcc voltage is applied from the contact terminal 01 of 
the contacting interface 401 to the VCC (normally 5V) 
terminal. ss 
[0180] The switches (SW2 to SW5) 312a to 315a 
inhibit signal inputs and outputs via the noncontacting 
interface 400. * - 



[0181] That is. while contacting data exchang or con- 
tacting driving is performed, the switches (SW2 1 SW5) 
312a to 315a completely inhibit signal inputs and out- 
puts via the noncontacting int rface 400 and prevent 
5 operation enrors. 

[0182] Additionally, in this fourth embodimem. 
switches (SW6, SW7, SW8. SW9, and SW10) 316a, 
317a. 318a. 319a. and 320a are connected to the con- 
tact terminal 01 (VOC) and other contact terminals C2 
10 (RST), C3 (OLK). and 07 (t/O), respectively, of the con- 
tacting interface 401 . 

[01 83] These switches (SW6 to SW1 0) 31 6a to 320a 
are normally ON (connected) and turned off when the 
Vcc voltage is applied from the power generator 302 of 
15 the noncontacting interface 4O0. 

[0184] The switches (SW6 to SW10) 316a to 320a 
inhibit signal inputs and outputs via the contacting inter- 
face 401. 

[0185] That is. while noncontacting data exchange or 
20 noncontacting driving is performed, the switches (SW6 
to SW10) 316a to 320a completely inhibit signal inputs 
and outputs via the contacting interface 401 and prevent 
operation enrors. 

[01 86} As described above, the fourth embodiment of 
the present invention includes operation inhibiting 
means for inhibiting the operation of the noncontacting 
interface 400 while the card is driven via the contacting 
interface 401 . Therefore, no operation error occurs even 
if electric waves are radiated in the environment while 
information is exchanged via the contacting interface 
401. 

[0187] Also, the fourth embodiment of the present 
invention indudes a means for cutting off the conduction 
between the noncontacting interface 400 and the 
antenna coil (parallel tuning circuit) while the card is 
driven via the contacting interface 401 . Accordingly, no 
operation error occurs even if electric waves are radi* 
ated in the environment while information is exchanged 
via the contacting interface 401. 
[01 88] Furthermore, in the above fourth embodiment, 
the noncontacting interface 400 of the microprocessor 
includes the power generator 302 which operates in 
accordance with an output from the parallel tuning cir- 
cuit 301 , the clock generating circuit (dock generating 
means) 307. the demodulation circuit (demodulating 
means) 303. the modulation circuit (modulating means) 
304. and the reset signal generating circuit 308. A 
switch for switching on and off the conduction between 
the noncontacting interface 400 and the parallel tuning 
circuit 301 is also included. This switch is turned off 
when the Vcc voHage is applied via the contacting inter- 
face 401. Therefore, even if electric waves are radiated 
in the environment while information is exchanged via 
the contacting interface 401. the noncontacting inter- 
face 400 does not operate at all, so no operation error 
takes place. 

[0189] The third and fourth embodiments as 
described above can be summarized as follows. 
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(1) A radio combination card having contacting and 
n ncontacting interfaces and driven by th contact- 
ing or n ncontacting interface comprises a selec- 
tive connecting means for selectively connecting 
one of the contacting and noncontacting interfaces 
to a control circuit a determining means for deter- 
mining whether the card in driven by the contacting 
or noncontacting interface, and a holding means for 
causing the selective connecting means to keep 
connecting one of the contacting and noncontacting 
interfaces in accordance with a determination result 
from the determining means, and inhibiting signal 
inputs and outputs via the other interface. 

(2) The selective connecting means initially selec- 
tively connects one of the contacting and noncon- 
tacting interfaces to the control circuit and switches 
t the other interface when the card is driven by the 
other interface, arxl the holding means maintains 
the connection to the other interface on the basis of 
the determination result from the determining 
means. 

(3) There ts provided a radio combination card 
wherein the contact terminals CI (VCC), C2 (RST), 
C3 (CLK), and C7 (I/O) of a contacting interface are 
connected to a control circuit by the connecting 
switches (SW2, SW3, SW4, and SW5) 312, 313, 
314, and 315, respectively, which are connected to 
the power generator 302, the clock generating cir- 
cuit (clock generating means) 307, the demodula- 
tion circuit (demodulating means) 303, the 
modulation drcuit (modulating means) 304, and the 
reset signal generating circuit 308, respectively, of a 
n ncontacting interface, one interface is initially 
selectively connected to the control circuit, initiali- 
zation is performed by connecting the switches 
SW7 to SW10 to the contacting interface when the 
Vcc voltage is applied from the contact terminal CI 
t the VCC (normally 5V) terminal and connecting 
the switches (SW2 to SW5) 312 to 315 to the non- 
contacting interface when the power generator 302 
applies a voltage, and, in this initialization, whether 
the card is driven by the contacting or noncorrtact- 
ing interface is checked, and the switches (SW2 to 
SW5) 312 to 315 are kept connected until deactiva- 
tion. 

[0190] As described above, the third and fourth 
embodiments of the present invention can provide a 
portable electronic device including a composite iC card 
having contacting and noncontacting interfaces and 
capable of well n^intaining the reliability as a composite 
IC card by preventing operation errors when driven from 
either interface, and an tC module for the composite IC 
card. 

(Fifth Embodiment) 

[0191] The fifth embodiment of the present invention 



will b described below with reference t FIGS. 9 to 12. 
[01 92] Note that in this fifth embodiment, the arrange- 
ments shown in FIGS. 1 and 2 ar similarly applied. 
[0193] N te ats that in this fifth embodiment the 
5 arrangements shown in FIGS. 5 and 7 and th flow 
chart shown in FIGS. 6A and 6B are also similarly 
applied. 

[0194] In this embodiment a common IC such as a 
memory is used and a CPU 405 is operated in both con- 
10 tacting and noncontacting responses to an external 
apparatus. 

[01 95] In this embodiment, therefore, switching is per- 
formed between commands executable in contacting 
and noncontacting responses to an extemal apparatus, 
IS thereby holding the indepervjence of contacting and 
noncontacting resportses while the common memory is 
used. 

[0196] That ts, a ROM 406 stores subroutine pro- 
grams for processing various applications and com- 
20 n)ands. In accordance with a command received from 
an external apparatus, the CPU 405 reads out a subrou- 
tine program from the ROM 406 and executes the pro- 
gram. 

[01 97] A system area of an EEPROM 407 stores com- 

25 mand tables (lists) showing the- correspondence 
between commands received from an external appara- 
tus and the subroutine programs in the ROM 406 as var- 
ious kinds of definition information. Different command 
tables (lists) are used for contacting and noncontacting 

30 responses. 

[0198] Also, a user area of the EEPROM 407 stores 
various kinds of transaction information such as out- 
standing balance data and transaction records. 
[0199] That is, a command list for a contacting 

35 response is set as shown in FIG. 9, and a command list 
for a noncontacting response is set as shown in FIG. 10. 
[0200] These settings are made by writing the com- 
mand tables (lists) by the manufacturer or issuer when 
the card is issued. 

40 [0201 ] The CPU 405 performs processing based on a 
ftow chart as shown in FIG. 12. 

[0202] That is, when the card is activated by a contact- 
ing interface 401 and a pattern in a predetermined area 
of a RAM 409 is (0.1). the CPU 405 looks up the com- 

45 mand table (list) shown in FIG. 9 (steps SI and S3). 
[0203] When the card is activated by a noncontacting 
interface 400 and the pattern in the predetermined area 
of the RAM 409 is (1,0), the CPU 405 looks up the com- 
mand table (list) shown in FIG. 10 (steps S2 and S4). 

so [0204] If either command table (list) contains data cor- 
responding to the received command, the CPU 405 
executes a subroutine program in tiie ROM 406 (steps 
S5 and S6). 

[0205] More specifically, when the card is activated by 
55 the corrtacting interface 401, commands AAA (addi- 
tional write), BBB (read), CCC (rewrite), DDD (erase), 
and EEE (addition and change of system data) can be 
executed. When the card is activated by the noncontact- 
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ing irrterfac 400. only th commands AAA (additionaJ 
write) and BBB (read) ar executable. If this is the case, 
th external apparatus can execut only additional write 
andr adtoth user area of the EEPROM 407. 
[0206] Accordingly, when this radi combination card s 
300 is inserted into a terntinal apparatus and activated 
by th contacting interface 401 . it is possible to update 
(add) data such as prepaid balance and erase unneces- 
sary data. 

[0207] On the other hand, when the card 300 is acti- io 
vated by the noncontacting interface 400, i.e.. when the 
card 300 is used in a radio automatic ticket gate, bus 
fare adjusting machine, or automatic vending machine, 
it is possible to read out the balance or additionally write 
the used amount of money as history data, but any is 
other command is inexecutable. 
[0208] As described above, switching is performed 
between commands executable in contacting and non- 
contacting responses to an external apparatus. When 
used in a noncontacting response, the card is usable in 20 
various applications. e.g.. not only as a collating 
medium for simply outputting data but also as a prepaid 
card. 

[0209] In the above explanation, different command 
lists are set for contacting and noncontacting 2s 
responses. However, a single command table (list) as 
shown in FIG. 1 1 can also be used for botii contacting 
and noncontacting responses. 

[0210] That is, as shown in FIG. 11. the feasibility of 
each command in a contacting response and the feasi- 30 
bility of each command in a noncontacting response are 
held as pieces of flag information in the table. When the 
card is activated by the contacting interface 401 and the 
pattern in the predetermined area of ttie RAM 409 is 
(0.1). the CPU 405 looks up the feasibility flag of the 35 
command in a contacting responsa 
[021 1 ] When the card is activated by the noncontact- 
ing interface 400 and tiie pattern in tine predetermined 
area of tiie RAM 409 is (1 .0), ttie CPU 405 looks up the 
feasibility flag of the command in a noncontacting 40 
response and checks the feasibility of ttie command. 
[0212] That is. the command is executable when the 
feasibility flag is "1" and inexecutable when the flag is 

[021 3] In the fifth embodiment of the present invention 4S 
as described above, switching is perfonmed between 
commarKls executable in contacting and noncontacting 
responses to an external apparatus. When used in a 
noncontacting response, therefore, the card is usable in 
various applications, e.g., not only as a collating so 
medium for simply outputting data but also as a prepaid 
card. 

[0214] Additionally, the fifth embodiment of the 
present invention described above includes an inhibiting 
means for inhibiting the operation of the noncontacting 55 
interface 400 while the card is driven via the contacting 
interface 401. Hence, no operation error occurs even if 
el ctric waves are radiated in the environment while 



information is exchanged via the contacting interface 
401. 

[0215] Also, th above fifth embodim nt includes a 
means for cutting off the conduction between the non- 
contacting interface 400 and an antenna coil (parallel 
tuning circuit) 301. Accordingly, n q3eration error 
occurs even if electric waves are radiated in the environ- 
ment while information is exchanged via the contacting 
interface 401. 

[0216] Furthermore, in ttie above fifth embodiment, 
the noncontacting interface 400 of a microprocessor 
310 includes a power generator 302 which operates in 
accordance with an output from the parallel tuning cir- 
cuit 301. a dock generating circuit (clock generating 
means) 307, a demodulation circuit (demodulating 
means) 303, a modulation circuit (modulating means) 
304, and a reset signal generating circuit 308. A switch 
309 for switching on and off the conduction between the 
noncontacting interface 400 and the parallel tuning cir- 
cuit 301 is also included. This switch 309 is turned off 
when a Vcc voltage is applied via the contacting inter- 
face 401. Therefore, even if electric waves are radiated 
in the errvironment while information is exchanged via 
the contacting interface 401. ttie noncontacting inter- 
face 400 does not operate at all, so no operation error 
takes place. 

[0217] The fifth embodiment of the present invention 
as described above can be summarized as follows. 

(1) A radio combination card having contacting and 
noncontacting interfaces and driven by the contact- 
ing or noncontacting interface comprises a deter- 
mining means for detenmining whether the radio 
combination cand is activated by the contacting or 
noncontacting interface, and a switching means for 
performing switching between commarxis executa- 
ble in contacting and noncontacting responses to 
an external apparatus. 

(2) A CPU monitors the states of input terminals A 
and B and checks whether the radio combination 
card 300 is activated by the contacting or noncon- 
tacting interface. 

[0218] If the card 300 is activated by the contacting 
interface, the CPU looks up a command table (list) for a 
contacting response. If tiie card 300 is activated by the 
noncontacting interface, the CPU looks up a command 
table (list) for a noncontacting response. If either com- 
mand table (list) contains data corresponding to the 
received command, the CPU executes a subroutine 
program in a ROM. If not, the CPU determines ttiat the 
command is inexecutable. 

[0219] The fifth emtxjdiment of the present invention 
as has been described in detail above can provide a 
portable electronic device including a composite IC card 
having contacting and noncontacting interfaces, capa- 
ble of being used for various purposes by executing 
equivalent functions when driven in both contacting and 
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noncontacting manners and achieving a satisfactDry 
security tuncti n, and also capable of well maintaining 
th reliability as a composite IC card by preventing oper- 
ation errors when driven from either interface. 

5 

Claims 

1. A portable electronic device comprising: 

a contacting interlace (40 1 ) including a plurality io 
of contact terminals (C1 to C8) for exchanging 
driving power and data, and 
a noncontacting interface (400) for generating 
driving power and demodulating received data 
from a signal received via an antenna (301 a), is 
characterized in the said device further com- 
prises 

inhibiting means (405) for inhibiting an opera- 
tion of the other one of said contacting and 
noncontacting interfaces (401, 400) white said 20 
portable electronic device is driven via one of 
said contacting and noncontacting Interfaces 
(401.400). 

2. A device according to claim 1 , characterized in that 25 
said inhibiting means (405) comprises first inhibit- 
ing means (SW1) for inhibiting an operation of said 
noncontacting interface while said portable elec- 
tronic device is driven via said contacting interface 
(401). 30 

3. A device according to claim 2, characterized in that 
said first inhibiting means (SW1) inhibits an opera- 
tion of said rx)ncontacting interface by cutting off 
conduction between an antenna coil (301a) and 35 
said noncontacting interface (400) white said porta- 
ble electronic device is driven via said contacting 
interface (401). 

4. A device according to claim 3, characterized in that 40 

said first inhibiting means (SW1) comprises a 
switch (SW1) for turning on and off the conduc- 
tion between said antenna (301 a) coil and said 
noncontacting interface (401). and 4S 
turns off said switch (SW1) while a driving volt- 
age is applied to said portable electronic device 
via said contacting interface (401). 

5. A device according to claim 2, characterized by fur- so 
ther comprising a control circuit (405) for process- 
ing data received via said contacting or 
noncontacting interface (401, 400), 

wherein said first inhibiting means (SW1) com- 
prises a switch (312 to 315) for turning on and off ss 
conduction between said control circuit (405) and 
said noncontacting interface (400). and 



turns off said switch (312 to 315) while a driving 
voltage is applied t said portable electronic 
device via said contacting interface (401). 

6. A device according to claim 2. characterized in that 
said inhibiting means (405) comprises second 
inhibiting means (317 to 320) for inhibiting a signal 
input and output via said contacting interface (401) 
while said portable electa^onic device is driven via 
said noncontacting interface (400). 

7. A device according to daim 5, characterized by fur- 
ther comprising a control circuit (405) for process- 
ing data received via said contacting or 
noncontacting interface (401. 400). 

wherein said second inhibiting means (317 to 320) 
cuts off conduction between said contacting inter- 
face (401) and said control circuit (405) while said 
portable electronic device is driven via said noncon- 
tacting interface (400). 

8. A device according to claim 7, characterized in that 

said second inhibiting means (31 7 to 320) com- 
prises a switch (317 to 320) for turning on and 
off conduction between said control circuit 
(405) and said contacting interface (401), and 
turns off said switch (31 7 to 320) while a driving 
voltage is applied to said portable electronic 
device via said noncontacting interface (400). 

9. A portable electronic device comprising contacting 
and noncontacting interfaces (401. 400) and a con- 
trot circuit (405) connected to said contacting and 
noncontacting interfaces (401 , 400). and is driven 
by said contacting or noncontacting interface (401. 
400), 

characterized in tiiat said device further compris- 
ing: 

detecting means (405) for detecting whether 
said portable electronic device is driven via 
said contacting or noncontacting interface 
(401. 400); and 

connecting means (312 to 316. 317 to 320) for 
selectively connecting one of said contacting 
and noncontacting interfaces (401 . 400) to said 
control circuit (405) and inhibiting a signal input 
and output via tiie other one of said contacting 
or noncontacting interface (401. 400) on the 
basis of the detection result from said detecting 
means (405). 

10. A device according to claim 9, said connecting 
means (312 to 316, 31 7 to 320) comprising: 

a first switch (312 to 315) for turning on and off 
connections between said contacting interface 
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(401) and said control circuit (405); and 
a sec nd switch (317 to 320) for turning on and 
off the connections between said noncontact- 
ing irrt rface (400) and said control drcurt 
(405), 5 
characterized in that said control drcuit (405) 
inhibits, on the basis of the detection resutt 
from said detecting means (405), the exchange 
of driving power and data via said contacting 
interface (401) by turning off said second io 
switch (317 to 320) while said portable elec- 
tronic de/ice is driven via said noncontacting 
interface (400). and 

said corrtrcl circuit (405) inhibits the exchange 
of driving power and data via said noncontact- is 
Ing interface (400) by turning off said first 
switch (312 to 316) while said portable elec- 
tronic device is driven via said contacting inter- 
face (401). 

20 

11. A device according to claim 10, characterized by 
further comprising inhibiting means (405) for inhib- 
iting, on the basis of the detection result from said 
detecting means (405), said noncontacting inter- 
face (400) while said portable electronic device is 25 
driven via said contacting interface (401). 

12. A device according to daim 11, characterized in 
that 

30 

said inhibiting means (405) indudes a third 
switch (SW1) for tuming on and off corxiuction 
between an antenna (301a) and said noncon- 
tacting interface (400), 

wherein said inhibiting means (405) inhibits, on 35 
the basis of the detection result from said 
detecting means (405), the exchange of driving 
power and data via said noncontacting inter- 
face (400) by turning off said third switch (SW1 ) 
white said portable electronic device is driven 40 
via said contacting interface (401). 

13. A device according to claim 9, characterized in that 
said connecting (312 to 316, 31 7 to 320) means ini- 
tially selectively connects one of said oontacting 45 
and noncontacting interfaces (401, 400) to said 
control circuit (405), and selectively connects the 
other one of said contacting and noncontacting 
interfaces (401, 400) to said control circuit (405) 
when said portable electronic device is driven via so 
the other interface. 

14. A device according to daim 13, characterized by 
further comprising: 

55 

determining means (405) for determining 
whether said portable electronic device is 
driven by said contacting or noncontacting 



interface (401 , 400): and 
holding means (405) for maintaining the con- 
nection betw en the other interface and said 
contr 1 circuit (405) on the basis of the determi- 
nation result from said determining means 
(405). 

15. A device according to claim 14, characterized in 
that 

sard connecting means (312 to 316, 317 to 
320) selectively connects to said control circuit 
(405) one of said contacting and noncontacting 
interfaces (401. 400) by which said portable 
electronic device is activated, and 
said determining means (405) and said holding 
means (405) operate when a prestored initiali- 
zation program is executed upon activation of 
said portable electronic device. 

16. A device according to claim 15, characterized by 
further comprising: 

storage means (409) for storing the determina- 
tion result from said determining means (405): 
and 

control means (405) for monitoring state sig- 
nals from said oontacting and noncontacting 
interfaces (401 , 400) while said portable elec- 
tronic device is communicating with a terminal 
apparatus via said contacting or noncontacting 
interface (401, 400), checking whether a moni- 
toring result changes from the state signals 
stored in said storage means (409), and stops 
the communication with said terminal appara- 
tus if the monitoring resutt changes. 

17. A device according to claim 9, said connecting 
means (312 to 316, 317 to 320) comprising: 

a switch (312 to 316) arranged between con- 
tact terminals of said contacting interface (401) 
and said control circuit (405) to connect one of 
said contact and noncontacting interfaces 
(401, 400) to said control drcuit (405). 

18. A portable electronic device comprising contacting 
and noncontacting interfaces (401 , 400) and a con- 
trol circuit (405) connected to said contacting and 
noncontacting interfaces (401 , 400), and is driven 
by said contacting or noncontacting interface (401. 
400), 

characterized in that said device further compris- 
ing: 

detecting means (405) for detecting whether 
said portable electronic device is driven via 
said contacting or noncontacting interface 
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(401. 400); and 

switching m ans (315a) for switching com- 
mands executabi by said portable electronic 
device on the basis of the detection result from 
said detecting means (405). s 

19. A device according to claim 18. characterized In 
that said switching means (315a) permits execution 
of data rewrite and erase commands if said detect- 
ing means (405) detects that said portable elec- io 
tronic device is activated by said contacting 
interface (401), and inhibits execution of the data 
rewrite and erase commands if said detecting 
means (405) detects that said portable electronic 
device is activated by said noncontacting interface is 
(400). 

20. A device according to claim 18, characterized by 
further comprising: 

20 

a table (407) storing lists of commands execut- 
able when said detecting means detects that 
said portable electronic device is driven by said 
contacting interface and commands executable 
when said detecting means [AOS) detects that 25 
said portable electronic device is driven by said 
noncontacting interface (400), 
wherein said switching means (315a) deter- 
mines on the basis of the detection result from 
said detecting means (405) whether a com- so 
mand received from an external apparatus can 
be executed by looking up said table (407). 
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